Mycobacterium smegmatis cells produce [3H]methanol when incubated with [methyl-3lH]methionine. The methanol is derived from S-adenosylmethionine rather than methyltetrahydrofolate. M. smegmatis cells carboxymethylate several proteins, and some of the methanol probably results from their demethylation, but most of the methanol may come from an unidentified component with a high gel mobility. Although methanol in the medium reached 19 ,uM, it was not incorporated into the methylated mannose polysaccharide, a lipid carrier in this organism.
Mycobacterium smegmatis cells synthesize a 3-0-methylmannose-containing polysaccharide (MMP) (7) that contains two types of methyl groups, the ethers on position 3 of the mannoses and the acetal of the methyl aglycon at the reducing end of the polymer chain. Cell extracts have a 3-O-methyltransferase activity (13) that is involved in synthesis of 3-0-methylmannose, but the origin of the methyl aglycon is unclear (14) , although both types of methyl groups become labeled when M. smegmatis cells are grown in the presence of [methyl-3H]methionine (7) . We report here that M. smegmatis cells release [3H]methanol into the medium when grown in the presence of [methyl-3H]methionine, but this free methanol is not utilized in MMP biosynthesis. We believe that this is the first report of methanol production from methionine by a nonmotile bacterium.
Paper chromatography was performed on no. 1 filter paper (Whatman, Inc., Clifton, N.J.), and sugars were visualized with alkaline silver nitrate (1). Radioactivity was determined by cutting the chromatogram into 1-cm strips, which were wetted with water and counted in 10 ml of Biofluor (New England Nuclear Corp., Boston, Mass.). Gas chromatography of short-chain alcohols was performed on a model 920 chromatograph (Varian) equipped with a thermal conductivity detector coupled to a gas flow radioactivity monitor (Nuclear-Chicago Corp., Des Plaines, Ill.). A glass column (0.25 in. by 10 ft [ca. 0.64 by 300 cm]) packed with Porapak Q (80/100 mesh) was used at 150°C, with a helium flow rate of 30 ml/min. Propane was passed through the radioactivity monitor at 60 ml/min.
For most experiments, cells were grown on a Casamino Acids medium (5) , but for labeling cells with [methyl-3H]methionine, methionine assay medium (Difco Laboratories, Detroit, Mich.) was substituted for the Casamino Acids. Protein extracts were electrophoresed (6) on a 12.5% sodium dodecyl sulfate-polyacrylamide gel with a 5% stacking gel, and the gel was fixed in methanol-acetic acid and stained with Coomassie blue. After being destained with acetic acid, the gel was dried and cut into 2-mm slices. Each slice was incubated in 100 ,ul of 1 M Na2CO3 (pH 11) for 30 min at 23°C, after which 0.5 ml of methanol was added, collected by distillation at 85°C, and counted (11 an apparent differential uptake of the two isotopes (Fig. 1) . After 52 h of growth, the cell filtrate contained both 3H and 35S, but only 3H was present in the distillate. Analysis of the distillate by gas chromatography showed that the predominant labeled compound was methanol, although some labeled water was also present (Fig. 2 ). When cells were grown on a Casamino Acids medium, the filtrate at stationary phase contained up to 19 ,uM methanol. Methanol production from a culture containing both L-[methyl-'4C]methionine and L-[methyl-3H]methionine showed that the 3H/'4C ratio remained unchanged, as expected if methanol was formed by means of S-adenosylmethionine rather than methyltetrahydrofolate.
M. smegmatis production of saponifiable methylated proteins. Methanol is formed in chemotactic bacteria from reversible methylation of proteins (12) . M. smegmatis cells were incubated for 5 or 60 min in 1 ml of methionine-free medium containing 200 ,XCi of L-[methyl-3H]methionine (80 Ci/mmol), and the total protein from a portion of each culture was examined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Two protein bands from the 5-min pulse released [3H]methanol upon alkaline treatment, whereas the 60-min pulse shows methanol released from five protein bands (Fig. 3) . The majority of the methanol, however, came from material at the gel front that was fixed with 50% methanol and 10% acetic acid. Because aspartyl and isoaspartyl methyl esters are unstable during gel electrophoresis, our result provides a minimal estimate of the total protein methyl ester in the cell extract.
Mycobacterial cell extract synthesis of ethyl D-mannoside but not methyl D-mannoside. A cell extract (7 ml) was incubated at 37°C for 45 min with 0.24 mM ethanol and 50 ,uM GDP-mannose containing 15 ,uCi of GDP-[3H]mannose. Unreacted GDP-mannose and charged products were removed with Dowex-1 and Dowex-50, and 1.5 ,uCi of tritium was recovered in neutral products, which comigrated with ethyl a-D-mannoside (Fig. 4A) (Fig. 1 ). The top line shows the change in thermal conductivity (unlabeled reference material), and the bottom trace shows changes in radioactivity from the culture filtrate. Most beled methyl ethers on the mannoses and a labeled methyl aglycon (7) . Although the methyl aglycon could come directly from S-adenosylmethionine, the demonstration that M. smegmatis cells produce large amounts of methanol suggested that the alcohol might be a mannose acceptor for MMP synthesis. M. smegmatis cells were incubated in 10 ml of Casamino Acids medium containing 5 mCi of [3H]methanol and 10 mM methanol. After 15 min, the culture was used to inoculate a 90-ml culture which was grown to stationary phase (24 h at 23°C). Approximately 100 nmol of MMP was isolated from these cells (5) Enteric bacteria produce methanol from demethylation of a membrane protein that regulates chemotaxis (12) . Reversible methylation of proteins is ubiquitous among eucaryotes (9) and may be involved in the repair of D-aspartyl and L-isoaspartyl residues (2) , a type of reversible methylation also observed in Salmonella species (8) . Methanol produced by the nonmotile M. smegmatis cells probably also comes from reversible protein methylation, and the most highly labeled protein had the same molecular weight (60,000) as the methylated chemotaxis protein (3) . Most of the alkalilabile methanol in cell extracts, however, comes from a small protein or lipidlike material that is not extracted during fixation (4) .
